The antisymmetric Dzyaloshinskii-Moriya interaction (DMI) in noncentrosymmetric systems leads to various nonuniform chiral magnetic textures. Polarized neutron scattering is a powerful method for investigation such chiral distributions. The most used technique is a small-angle neutrons scattering (SANS). Multilayered magnetic films with the interface induced DMI (iDMI) can't be investigated by SANS because of their small volume. The appropriate technique is a polarized neutron reflectometry. Within the framework of the continuum theory of micromagnetics, we explore the impact of the iDMI on the polarized neutrons reflection from multilayers with random magnetic anisotropy. It is shown that the iDMI gives rise to a polarization-dependent asymmetric term in the reflection.
I. INTRODUCTION
Recently magnetic multilayered structures emerge a great interest due to possible applications in magnetic memory and logic 1 . The fact is that the absence of the inversion symmetry in layered systems may lead to the antisymmetric exchange interaction 2,3 on the ferromagnet-heavy metal interfaces: the interfacial induced Dzyaloshinskii-Moriya interaction (iDMI) [4] [5] [6] [7] . The presence of the iDMI is probed by several methods: Brillouin light scattering [8] [9] [10] , electron microscopy [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] etc. The polarized neutron reflectometry (PNR) is a powerful method for probing magnetic properties of different ferromagnetic films. Still it is not widely used for probing thin films with DMI 23 . The most appropriate method is small-angle neutron scattering for investigation materials with bulk DMI: noncentrosymmetric B20 crystals [24] [25] [26] [27] [28] [29] [30] [31] [32] or defect-induced DMI 33, 34 . An asymmetric term in SANS appears in case of the defect-induced DMI when the incident vector is perpendicular to the external field. The similar scattering is expected to be in the PNR experiment when the external field is applied along to the specular reflection plane perpendicularly to the multilayered film normal.
In this paper we predict an asymmetry in PNR from thin ferromagnet-heavy metal multilayered films with iDMI near saturation magnetization. The paper is organized as follows.
In the first part we develop a continuum micromagnetic theory for small magnetization deviations near saturation in the presence of the iDMI. Than we calculate the differential scattering cross-section of polarized neutrons. At last part we estimate an experimental details for observations.
II. MICROMAGNETIC THEORY
We present a micromagnetic model for small fluctuations of the magnetization in thin film with the iDMI near saturation. We have to solve the static equation to find this deviations [35] [36] [37] M × H ef f = 0, ( the external field is applied in plane of the film along x axis. The z axis is oriented along the normal to the film (Fig. 1) . The magnetization is written in the following form for these case
We suppose that all the material characteristics are homogeneous in the real space. The anisotropy constant is homogeneous and only the anisotropy axis direction varies in the film.
Further we solve all the equations in the reciprocal space. The Fourier transform is given by the equationÃ ( q) =
The algebraic operations in real space are substituted by convolution of the Fourier componentsÃ
The balance-of-torques equation (1) is solved in the first order of small deviations M y,z . The effective field has the following exchange, magnetostatic, iDMI and random anisotropy components 33, 38 
is a Fourier image of the local direction for random anisotropy axis. We obtain the system of linear equations with non-zero right part
where
We assume the vector H A takes all orientations with equal probabilities. Thus every value should be averaged over all angles of H A = H A (q) {0, cos β, sin β}. Obviously the nonvanishing values will contain only H 2 Ay,z amplitudes. They are proportional to the isotropic H 2 A (q) correlation. The anisotropy connected with structural characteristics of the polycrystalline ferromagnetic film and can be written in the following form
where H
2
A is the mean-square anisotropy field and ξ denotes the correlation length . For an idealized nanocrystalline ferromagnet, where each grain is a single crystal and the anisotropy field jumps randomly in direction at grain boundaries due to the changing set of crystallographic axes, the correlation length ξ is expected to be related to the average grain size.
III. POLARIZED NEUTRONS GRAZING INCIDENCE REFLECTION
The interaction of the thermal neutrons with condensed matter is described by the following Schrödinger equationĤ
where m and µ are mass and magnetic moment of neutron, V ( r) is scalar nuclear potential and B ( r) is the magnetic induction. The differential elastic scattering cross section of polarized neutrons has the following form in the first order of the perturbation theory
is the momentum transfer wavevector, k 0 is the incident neutrons wavevector, α is the glancing angle, γ is the transversal deviation angle from the specular reflection plane and P ≤ 1 is the average polarization vector of the neutron beam.
The magnetic induction vector B can be derived from magnetostatic problem solution. In the Fourier space it has the following form
Substituting (9) in (8) and doing some vector transformations we obtain the form of the last term in (8)
This term is non-zero only in case of non-zero image part of the magnetization deviations (5).
Thus the iDMI is the necessary condition for asymmetry reflection observation.
Because of a weak neutron scattering from the single interface we consider multilayered periodical film to get strong enough reflectivity near Bragg conditions. The geometry of reflection is given on the Fig. 1 . The asymmetry of scattering is perpendicular to the reflection plane. So the reflections differ in case of k 1 or k 2 scattering. We assume the nonmagnetic M s (erg Gs cm −1 ) 1000
ξ (nm) [5] [6] [7] [8] [9] [10] interfaces are thinner than ferromagnetic layer and we can omit spatial variations of exchange, anisotropy and iDMI through the periodic structure depth. Thus we can substitute solution (5) into the differntial scattering cross-section term (10). Also we omit the terms of the higher orders in γ. The final result for asymmetrical part of scattering is following
IV. DISCUSSION
We obtain estimations for (11) substituting material constants for Co/Pt multilayered film with period d ≈ 3 nm and neutron beam with wavelength 0.3 nm near Bragg conditions for such structure. For fully polarized neutron beam P = 1 and substitution parameters from table I to (11) gives the result
This equation holds for small γ ≈ 1 − 10 mrad. 
